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Abstract 
An alternative strategy to integrate electrochemical cells composed of two and three electrodes into total 
COC polymeric microsystems is presented. Results based on in-situ amperometric and potentiometric 
measurements are shown 
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1. Introduction 
Miniaturization of chemical analysis systems is now largely spread in the scientific community and 
presents serious advantages compared to standard approaches[1]. In their design, one main challenge is 
the integration of the detection scheme by the use of microsensors in order to achieve portability, 
versatility and simplicity. Among the different detection strategies, electrochemistry offers significant 
advantages over other detection techniques when implemented in microfluidic devices. Indeed, 
electrochemical detection methods present inherent ease of miniaturization together with excellent 
compatibility with microfabrication techniques used with Si and glass substrates[2]. Moreover, its 
performance in terms of limits of detection is improved by miniaturization. Therefore, electrochemistry 
compared to optical techniques (such as UV detection) not only allows downsizing the detection window 
without loss of performance at nM limits of detection[3] but also facilitates experiments on-site by using 
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a portable device[4]. Integration of electrochemical microsensors in the case of total polymer 
microsystems can still be challenging due to material and process compatibility and only few techniques 
have been reported so far[5,6]. Most of the devices currently presented in the literature are based on 
hybrid approaches where the electrodes are obtained on glass substrate by using standard 
photolithography and are combined to microfluidic channels embedded in polymer substrate.  In the case 
of Cyclic Olefin Copolymer (COC) microfluidic devices, authors have shown successful integration of 
electrodes using various approaches depending on the electrode material: photolithography [6] and 
microwire end-column strategy [7] for metallic electrodes, screen printing for carbone[8] and drilling for 
PEDOT[9] electrodes.  
Here, an alternative strategy to integrate electrochemical cells composed of two and three electrodes into 
total COC polymeric microsystems is presented. This strategy is based on the combination of hot-
embossing and high precision milling in order to precisely locate microdisc electrodes in the 
microchannels, which are themselves part of a removable cell. 
2. Fabrication of microfluidic devices and integrated electrochemical cells 
Total polymer microfluidic devices made of COC were fabricated using protocols and equipments 
developed by AREMAC- Polymers (www.aremac-polymer.com). The microfluidic device was entirely 
machined with the OpticMac5 machine (AREMAC-Polymer) following a 4 step procedure (Figure 1): (i) 
an interrupted channel (100 μm wide, 100 μm deep) was engraved on a COC substrate, (ii) large holes (Ø  
300 μm) were machined on the opposite face, (iii) two small holes were drilled to reach the ends of the 
channel (Ø 100 μm) and finally (iv) the upper channel was engraved by micro milling (Ø 150 μm 
hemispheric mill). After fabrication, the microstructured COC substrate was sealed to a plain COC 
substrate using assisted vapor hot bonding with the ThermoMac3 press (AREMAC-Polymer).  
The electrochemical cell provided by AREMAC-Polymer used in this work was composed of two Pt 
microwires (working and counter electrodes) and one Ag microwire (reference electrode) that were sealed 
in a polymer holder. The end of the resulting electrochemical cell was then mirror polished in order to 
obtain three coplanar disc microelectrodes (Ø 50μm). 
 This electrochemical cell was then integrated in the guide drilled in the middle of the microfluidic 
channel before operation in the microfluidic device. In order to integrate electrochemical cell in 
microfluidic devices, a key advantage of this approach is to functionalize electrodes before integration in 
the microchannel (in opposition with other approaches where functionalization is carried out in-situ). 
Here in this work, first we oxidized Ag microelectrodes in KCl (1M) solution in order to achieve 
Ag/AgCl reference electrode. Then, we also investigated the possibility to electrodeposit IrOx on Pt 
electrodes to achieve pH sensitive electrode. This functionalization was carried out in iridium solution 
prepared as reported in literature [10] and using a potentiostatic deposition protocol (900 mV/Ag/AgCl 
for 20 min). 
3. Results and Discussion 
The electrochemical cell integrated in the microfluidic channel was operated in two different 
configurations. First, potentiostatic measurements were performed using two electrodes: a Pt electrode 
functionalized with IrOx layer and a Ag electrode covered by a AgCl layer. This configuration was used 
to evaluate the capacity of our approach to follow in-channel pH evolution. Then, amperometric 
measurements were carried out using three-electrode configuration. This configuration was tested with 
electroactive model species such as (Fe(II)) in  1M KCl solution. In both configurations, Cl- anions were 
added to solutions flowing in the microchannel in order to stabilize Ag/AgCl electrode potential. 
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3.1. Potentiostatic measurements for pH determination 
The Ag/AgCl reference electrodes of the electrochemical cell integrated in microfluidic channels were 
tested by measuring their potential compared to a commercial reference electrode in solutions containing 
various concentrations of Cl-. The evolution of comAg EEE  was linear with Clclog  with a 
slope of -55 mV/decade in good agreement with theory for Ag/AgCl reference electrode. Then, the 
electrochemical cell was tested by flowing buffer solutions at different pH and the difference of potential 
AgIrOx EEE  was plotted vs. pH in Figure 2.a. In agreement with theory, we observe a linear 
decrease with a slope of – 59 mV/pH of the potential of the IrOx electrode when pH increases. 
 
 
 
Fig. 1: (a) 4-step procedure to fabricate the microfluidic channel, (b) optical image of the COC polymer microdevice, 
(c) schematic representation of the integration guide of the electrochemical cell, (d) optical image of the 
electrochemical cell 
3.1. Amperometric  measurements  
Pt disc microelectrodes were first tested in stagnant solutions containing 5 mM Fe(II) and 1 M KCl 
using cyclic voltammetry. As represented in Figure 2.b, a characteristic voltammogram with a steady 
state plateau was obtained at 50 mV s-1. The steady state current was measured to be 33 nA in good 
agreement with the theoretical value calculated to be 31 nA. Such good agreement with theory and the 
low capacitive current observed in Figure 2.b demonstrate the good sealing around the Pt electrodes 
using the method presented here. Then, voltammograms were recorded for different flow rates as 
represented in Figure 2.c.  As the solutions were not stagnant anymore, we can observe a characteristic 
sygmoidal voltammogram with a limiting current that increases with flow rate. 
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Fig. 2: (a) IrOx/Pt electrode potential as a function of pH, cyclic voltammogram in stagnant (b) and flowing 
solutions (c) Fe(II) 5mM in 1M KCl, 50 mV/s 
4. Conclusion 
Here, an alternative strategy to integrate electrochemical cells composed of two and three electrodes into 
total COC polymeric microsystems was presented. This strategy was based on the combination of hot-
embossing and high precision milling in order to precisely locate microdisc electrodes in microchannels. 
The main advantages are the possibility to re-use electrochemical cells and also the versatility in terms of 
electrode materials and electrode functionalization. Indeed, this approach can use any conductive 
materials that can be obtained in a microwire format, the electrochemical cells can be prepared 
independently of the microfluidic structures and finally the same electrochemical cell can be re-used in 
various microfluidic devices. Here, we demonstrated the interest of such approach for in-channel pH 
determination and also amperometric measurements. 
Acknowledgements 
I. Ait Ali is grateful to the French ministry of research for her Ph D fellowship and to the Ecole Doctorale 
EEA (Lyon) for her mobility funding. The authors also acknowledge NanoLyon platform. 
References 
[1]  Rivet C, Lee H, Hirsch A, Hamilton S,  Lu H. Microfluidics for medical diagnostics and biosensors. Chem. Eng. Sci. 2011;66:1490–1507. 
[2]  Nyholm L. Electrochemical techniques for lab-on-a-chip applications. The Analyst. 2005;130:599–605. 
 [3]  Vickers JA, Henry CS. Simplified current decoupler for microchip capillary electrophoresis with electrochemical and pulsed amperometric 
detection. Electrophoresis. 2005;26:4641–4647. 
[4]  Kwakye D, Baeumner. An embedded system for portable electrochemical detection. Sens. Actuators B.2007;123:336–343. 
[5]  Rossier JS, Ferrigno R, Girault HH.Electrophoresis with electrochemical detection in a polymer microdevice. J. Electroanal. Chem.. 
2000;492:15–22. 
[6]  Illa X, Ordeig O, Snakenborg D, Romano-Rodriguez A, Compton RG. A cyclo olefin polymer microfluidic chip with integrated gold 
microelectrodes for aqueous and non-aqueous electrochemistry. Lab Chip.2010;10:1254–1261. 
[7]    M. Castano-Alvarez, T. Fernandez-Abedul, and A. Costa-Garcia, Poly(methylmethacrylate) and Topas capillary electrophoresis microchip 
performance with electrochemical detection.  Electrophoresis.2005;26: 3160-3168 
[8]    M. Castano-Alvarez, T. Fernandez-Abedul, and A. Costa-Garcia, Amperometric detector designs for capillary electrophoresis microchips. J. 
Chrom. A.2006; 1109:291–299  
 [9]   J. Kafka, O. Geschke, S. Skaarup ,and N.B. Larse, Fast prototyping of conducting polymer microelectrodes using resistance-controlled high 
precision drilling. Microelectronic Engineering.2011; 88:2589–2592 
[10]  Yamanaka K. Anodically electrodeposited iridium oxide films (Aeirof) from alkaline-solutions for electrochromic display devices. Jpn. J. 
Appl. Phys. Part 1. 1989;28:632–637. 
